Plant functional traits have shown to be relevant predictors of forest functional responses to climate change. However, the trait-based approach to study plant performances and ecological strategies has mostly been focused on trait comparisons at the interspecific and intraspecific levels. In this study, we analyzed traits variation and association at the individual level. We measured wood and leaf traits at different height locations within the crown of five individuals of Pericopsis elata (Harms) Meeuwen (Fabaceae) from the northern tropical forest of the Democratic Republic of the Congo. All traits varied between and within individuals. The between-individual variation was more important for leaf traits (23%-48%) than for wood traits (~10%) where the within-individual variation showed to be more important (33%-39%). The sample location height within the crown was found to be the driving factor of this within-individual variation. In a gradient from the base to the top of the crown, theoretical specific hydraulic conductivity and specific leaf area decreased while the stomatal density increased. We found significant relationships among traits and between wood and leaf traits. However, these relationships varied with the position within the crown. The relationship between vessel size and vessel density was negative at the bottom part of the crown but positive upward. Also, the negative relationship between stomatal density and stomatal size became stronger with increasing height within the crown. Finally, the positive relationship between specific leaf area and theoretical specific hydraulic conductivity became stronger in higher parts of the crown, suggesting that P. elata constantly adapts its water use with respect to its water supply, more strongly at the top of the crown where the environment is more extreme and less buffered against environmental fluctuations.
Introduction
Climate changes will have different impacts on species that comprise a community. Some species will be stimulated, while others will decline. The typical reaction depends on the species' traits, understood as any morphological, biochemical, physiological, or phenological characteristic measurable at the individual level [1] [2] [3] . The prediction of forest changes depends, therefore, on a sound knowledge of the species' traits and their variability. In this respect, correlative and empirical studies have identified direct and indirect links between plant traits and growth, reproduction, and survival of the species [4] . Others have focused on the distribution of traits to model plant communities [5, 6] and to predict plant responses to environmental changes [7] . The results from these studies suggested, for example, that (1) plants with higher seed mass have higher seedling establishment and lower survival;
(2) plants with higher wood density have higher survival but lower growth rate; and (3) plants with higher adult stature grow more slowly and show lower survival rates during the juvenile stage, while as adults they show faster growth and better survival [8, 9] .
However, due to the widespread drought-induced plant die-back [7, 10] , studies focusing on the relation between traits and plant-water status become increasingly necessary. Such studies help to understand variation in plant hydraulic strategies and to determine which species would be vulnerable to water stress [11] . It has been shown that under water deficit conditions, plants reduce their leaf area and specific leaf area (SLA) to limit water loss but increase their stomatal density and reduce their stomatal size to enhance their adaptation to drought [12, 13] . Also, plants having a high SLA are associated with a lower seed mass and a higher growth but are not well adapted to cope with increased drought [7] . As far as wood traits are concerned, studies by [14] [15] [16] have shown that plants with a high xylem hydraulic conductance have a higher growth rate associated with a lower drought tolerance.
Most of these studies have focused on either leaf or wood traits despite the possible coordination between these two groups of plant traits as expected from the plant life-history theory [17] . This theory predicts that plants having a xylem structure allowing them to safely supply copious water to leaves consequently have leaves with a higher water-use potential and faster growth. Traits associations are better predictors of these functional strategies. Merging the water-use strategy, expressed by leaf traits associations, with the water-supply strategy, expressed by wood traits associations, could provide a more comprehensive framework to characterize plants response to drought.
Most of the studies available in this respect have focused on species-specific mean trait values, while in cross-species analysis a trait value is assumed to be the result of phylogenetic inertia and natural selection from the environment. This means that in such cross-species analysis, associations among traits may be affected by taxonomic biases and by the way traits vary in a lower level than the species. For example, it is now well established that the amount of within-species variation (~30%-50%) is trait-, tissue-, and species-specific and a large part of this variation is related to differences between populations [18] . While the between-populations variation is suggested to be related to environment, the within-population variation (~20%-30%) is suggested to be mainly driven by differences between individuals [19] [20] [21] . However, we are not yet aware of the intra-individual level of variation which can be substantial. It is necessary to focus on this within-individual variation as plant interactions with biotic and abiotic environments occur at the individual level [22] . Within-individual trait variation may be due to differences between organs or may follow a gradient of water availability expressed by the location height within the crown due to the path length resistance [23] . Knowing about this variation and the way it induces changes in plant strategies may affect the way we sample and provide insight into the intra-canopy plasticity, the hydraulic limitation on tree height, and, by the end, the overall plant responses to drought.
To fulfil this expectation, we need to answer the following two questions: (1) Despite different factors shaping leaf and wood traits, do both groups of plant traits vary dependently as would be expected to optimize photosynthesis? (2) Do the location height gradient within the crown, expressing a gradient of light availability, and water supply (due to the path length resistance), induce changes in trait values and associations? To address these questions, we measured different leaf and wood traits related to tree hydraulics at different height locations within the crown of five dominant individuals, growing within the same population of Pericopsis elata (Harms) Meeuwen (Fabaceae), a flagship species of the Congo Basin forests. A conceptual framework ( Figure 1 ) was suggested and tested along a height location (vertical) gradient within the crown to show whether plant strategies vary along this gradient.
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Materials and Methods

Study Species and Location
The study species is Pericopsis elata (Harms) Meeuwen (Fabaceae), a semi-deciduous tree species with a gregarious spatial distribution [24] [25] [26] . This long-lived heliophilous [24, 25] and anemochoric species [24, 27] has a disjunct natural distribution area ranging from Ivory Coast to the Democratic Republic of the Congo (DRC). In the adult stage, trees of P. elata can reach a diameter at breast height (DBH) up to 160 cm and a total height up to 50 m. The species is readily recognized by its creamy or greyish flaky bark (with reddish brown spots), its compound leaves (7 to 11 leaflets), and its fruits (indehiscent oblong pods of 1 to 5 discoid seeds). The species occur on soil varying in its moisture content reaching its optimum on rich phosphorus and sulfur clay soils with a limited availability in exchangeable aluminum [25] . Average annual diameter increment varies from 0.32 to 0.45 cm in Cameroon and can reach 0.80 cm in the DRC [25] . Wood density ranges between 0.57 and 0.71 g cm −3 .
The study area is located in the Congo Basin, between 0°30′ N-0°10′ S and 25°00′-25°35′ E in the province of Tshopo, northern Democratic Republic of the Congo (DRC). The region is covered by semi-deciduous forests, part of the Guineo-Congolean regional center of endemism [28] , consisting 
Materials and Methods
Study Species and Location
The study area is located in the Congo Basin, between 0 • 30 N-0 • 10 S and 25 • 00 -25 • 35 E in the province of Tshopo, northern Democratic Republic of the Congo (DRC). The region is covered by semi-deciduous forests, part of the Guineo-Congolean regional center of endemism [28] , consisting of monodominant forests of Gilbertiodendron dewevrei (De Wild.) J. Léonard and Brachystegia laurentii (De Wild.) Louis ex J. Léonard as well as old secondary forests characterized by species [28] . It has an Af climate, typifying areas without dry season, according to the Köppen classification. The average annual rainfall of the region, calculated from data collected between 1908 and 2008 is 1672 mm [26] and a slight decrease is observed in January-February and June-July. Temperatures slightly fluctuate around the mean annual temperature of 25.1 • C.
Sample Collection
On 13-15 March 2016, leaf and wood samples were collected from five co-occurring trees separated on average by 100 m distance (about 10 ha of sapling area) with a diameter at breast height (DBH) ranging from 93 to 143 cm and a similar total height of 4-43 m ( Table 1 ). All the studied trees were emergent. Their crowns were above the canopy level and had a full access to sunlight. We therefore assumed that the environmental conditions (photosynthetically active radiation, air temperature, and humidity) were almost similar from the bottom to the top of the outer crown as vertical variations of some of these environmental variables were not substantial in an opened environment [29] . To test whether there was a height gradient of variation in wood and leaf traits, five leaf samples were collected at different locations within the crown. The sample location was selected on a regular basis within the crown at 0% (base of crown), 25%, 50% (middle of the crown), 75%, and 100% (top of the crown) crown height. The sample location distance from the tree top was carefully measured using a tape measure and converted into sample location height by subtracting this distance from the tree total height (Ht). The sample location height ranged from 15 m to 43 m. However, due to technical issues during laboratory processing, some samples were excluded from the measurement or the calculation of some traits, leading to differences in the range of the sample location height. From each leaf sample, five leaflets without obvious symptoms of pathogen or herbivore attacks as well as a wood segment from the twig directly supporting the leaf sample were also collected. In addition, a stem sector of about 3 cm 3 located on the trunk at 1.3 m height from the soil level was collected to estimate the xylem tapering ratio of P. elata. 
Traits Measurements
Wood microscopic analyses were performed on the complete transversal sections of twigs following [30] . Wood samples were first cut (a small segment of 1 cm height) and embedded in PolyEthyleneGlycol1500 (VWR Chemicals, Oud-Haverlee, Leuven, Belgium) then a transverse section of 10-20 µm was cut with a slide microtome. The section was stained with a solution of Safranine (1% in 50% alcohol) and Alcian Blue (1% in distilled water), fixed permanently with Euparal and dried in the open air. The obtained sections were digitalized using a Toupview UH-CMOS camera (Hangzhou ToupTek Photonics Co., Ltd., Zhejiang, China) mounted on an Olympus BX51M reflected light microscope (Spach Optics Inc., Rochester, NY, USA), then analyzed with ImageJ 1.51n software [31] . The total area of the section was measured and used to calculate the cross-sectional area of sapwood, as [32] . Four wood traits were measured: Mean vessel diameter (D, µm), and lumen area (A, µm 2 ), vessel density (number (N) per unit area, mm −2 ), and fiber wall thickness (F w , µm). While vessel diameter, vessel area, and fiber wall thickness were measured on 30 vessels and fibers, respectively, for wood samples from the bottom part of the crown of Tw69042, Tw69045, and Tw69046, no measurement was made because of the poor quality of images for an accurate measurement. These three wood samples were, therefore, excluded for the measurement of all wood traits. Further, two wood traits providing information on the vascular strategy [33, 34] were calculated: The vessel lumen fraction (VF = A × N) and the total number of vessels (TVN = N × As). Finally, two wood traits giving information on the hydraulic properties were calculated according to [35] : The theoretical specific hydraulic conductivity (K theo , kg m −1 MPa s −1 ) as Equation (1) and the hydraulic weighted vessel diameter (Dh, µm) as Equation (2).
where ρ is the density of water at 20 • C (=998.2 kg m −3 ) and µ is the viscosity of water at 20 • C (=1002 × 10 −3 Pa s). For each twig, the Dh calculated on twig samples (Dh N−1 ) and the one calculated on a wood sample from the trunk at 1.3 m above the ground level (Dh 0 ) were used to compute the conduit tapering ratio of the tree (T) as T = Dh 0 /Dh N−1 [23] . For leaf traits, the leaflets were first scanned and their surface (leaf area, mm 2 ) was determined by image analyses using ImageJ 1.51n software [31] . Some leaflets were excluded from the measurements of certain leaf traits because of technical issues during laboratory processing. The remaining leaflets were then oven-dried at 70 • C for 72 h and their dry mass (LDM, mg) was measured. The specific leaf area (SLA, mm 2 mg −1 ) was obtained following [36] . As the studied species has hypostomatic leaflets, stomatal features were assessed on the abaxial surface of each leaflet. To do this, a transparent nail polish was applied on the middle portion of the lamina midway between the midrib and the leaflet edge. Once the polish dried, its imprint on the leaflet was removed using an adhesive tape, mounted on a glass slide, and digitized. Stomatal length (Ls, µm), width (Ws, µm), and density (D stomata , number per unit leaf area, mm −2 ), together with pore length (Lp, µm) were determined using ObjetJ plug-in of ImageJ 1.51n software [31] .
Two additional stomatal morphometric variables were calculated: Stomatal size (S, µm2) and maximum stomatal conductance to water vapor (gs max , mole m −2 s −1 ). The stomatal size was derived from the stomatal length: S = 0.25 × Ls 2 [37] . The maximum stomatal conductance to water vapor is positively correlated with stomatal density and negatively correlated with pore depth and, thus, was calculated based on the following equation [38, 39] :
where d is the diffusivity of water vapor in air at 25 • C (=2.43 × 10 −5 m 2 s −1 ), v is the molar volume of air at 25 • C (0.024 m 3 mole −1 ), D stomata is the stomatal density (mm −2 ), a max is the maximum area of pores (µm 2 ) representing the area of the pore if the stoma is completely opened, and l is the pore depth (m). As the guard cells have an elliptical shape, l is approximated by guard cell width and the maximum area of pores is calculated from the pore length (Lp, m) using the formula of the area of an ellipse: a max = Lp × (Lp/2) with the latter term a proxy for pore width. The maximum stomatal conductance was always higher (~20%) than the operating stomatal conductance [40, 41] . Leaflets from which a poor quality of imprint was obtained were excluded from measurements of stomatal features (29 leaflets for stomatal density, 50 leaflets for stomatal size, and 53 leaflets for maximum stomatal conductance). The measured wood and leaf traits are illustrated in Figure 2 . 
Statistical Analysis
Linear mixed models (LMM) with a random factor for a tree were performed to evaluate the extent of intra-and inter-individual variation using the variance partitioning approach. To avoid pseudo-replication, the sample location within crown was used as a nested factor within a tree for all trait models except for vessel density, hydraulic weighted vessel diameter, and theoretical specific hydraulic conductivity as they only have one value per location within the crown. For these traits the variance of the error term included both the within-tree variation and the residual variation. Models with and without the nested levels are expressed in Equations (4) and (5), respectively, where T ij is the trait value for the jth location height within the tree i, and ε ij the error term. The variance components were extracted using the function "VarCorr" from the package 'lme4 [42] for R software [43] . The variance computed in this analysis is the variance around the mean. Leaf area, leaf dry mass, specific leaf area, stomatal density, fiber wall thickness, and vessel density were log 10 -transformed to meet to assumption of normality. A bootstrapping procedure was computed to calculate the 95% confidence intervals around the variance estimation. As supplement, we computed the coefficient of variation and calculated traits plasticity as an index of the within-crown trait variation. Trait plasticity within the crown was calculated for each tree and each trait as the absolute difference between the maximum and the minimum value of the considered trait within the crown of the considered tree, divided by the maximum value, and multiplied by 100%. The overall trait plasticity was calculated as the mean of plasticity over all traits and trees. This overall mean plasticity was than compared with the mean plasticity of each trait ( Figure S1 ) using the function "compare means" from the R package 'survminer'.
Pairwise correlations were used to test the correlation between traits and the canopy sample location and to investigate the pairwise relationship among wood and leaf traits and between wood and leaf traits. For this analysis, traits were averaged on each sample location to reduce the influence of local variation (i.e., driven by leaf traits differences between leaflets and wood traits differences within-wood sample). This led to normally distributed traits except for vessel density where a log 10 -transformation was applied to have normally distributed data. On this dataset, multiplicative linear models predicting a trait on the basis of another trait were fitted to test the effect of sample location height within the crown on pairwise traits relationship, highlighting whether trait relationships become stronger or weaker with increasing height within the crown. For this analysis, the sample location height (Hs) was used as the interaction term. To address the multicollinearity, all predictors were centered prior to the analysis [44] . The multiplicative model performed is expressed as in Equation (6), where β 0 is the overall intercept (trait value when all partial slopes equal zero), β 1 and β 2 are the partial slopes of the predicted trait on the predictor trait (X1), and the sample location height (X2), respectively, holding the other X constant and ε i is the residual component. The procedure suggested in [45] to further explore the interaction term was used. Four different models were, therefore, fitted (Equations (7) to (10)) to calculate the slope of the response trait for a range of sample location heights (e.g., mean ± 1 standard deviation and ± 2 standard deviations). An increasing or decreasing slope throughout this range meant that the trait relationships became stronger or weaker with increasing sample location height.
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Results
Trait Variation and Plasticity within the Crown
The within-crown trait variation was significant both for wood and for leaves ( Table 2) . Among wood traits, theoretical specific hydraulic conductivity and vessel lumen area showed the highest variation (44% and 36%, respectively) while the leaf dry mass and the leaf area showed the highest variation amongst leaf traits (50% and 43%). Leaf dry mass varied 13.4-fold (11.3-152 mg), specific leaf area varied 3.5-fold (6.7-23.6 mm mg −1 ), and leaf area varied 9.9-fold (175-1739 mm 2 ). For wood traits, theoretical specific hydraulic conductivity varied 6.9-fold (0.25-1.74), vessel lumen area varied 8.7-fold (319.3-2798.2), mean vessel diameter varied 3-fold (64.3-21.3), and fiber wall thickness varied 5-fold (1.15-5.95). Theoretical specific hydraulic conductivity (57.7 ± 12.8) and leaf dry mass (40.5 ± 15.3) showed the highest within-crown plasticity for wood and leaf traits, respectively. Table 2 . Leaf and twig wood traits statistics of the five studied individuals of Pericopsis elata (Harms) Meeuwen (Fabaceae) at the 95% confidence interval (CI). Wood traits include the fiber wall thickness (F w ), theoretical specific hydraulic conductivity (K theo ), vessel density (N, vessel number per unit area), hydraulic weighted vessel diameter (Dh), vessel lumen area (A), and diameter (D), while leaf traits include leaf area (LA), leaf dry mass (LDM), specific leaf area (SLA), stomatal density (D stomata ), stomatal size, and maximum stomatal conductance (gs max ). Trait plasticity within the crown is provided, as well as its standard deviation. n, number of observations (corresponding to the number of vessels for D and A, of fibers for Fw, of wood samples for N, Dh, and K theo , and of leaflets for all leaf traits); SE, standard error; CV, coefficient of variation.
The variance partitioning strongly differed depending on the studied variance component (tree or sample location height, Hs) and the trait being considered (Table 3 ). The between-individual variation showed to be more important for leaf traits (25%-53.5%) than for wood traits (~10%), except for vessel density (35.1%) and theoretical specific hydraulic conductivity (49.1%). The within-individual variation however, is more pronounced for wood traits (~35%) than for leaf traits (<20%), except for the specific leaf area (35.1%). Table 3 . Variance partitioning of linear mixed models with a random effect on tree across the nested sample location height within the tree crown (Hs). Wood traits include the fiber wall thickness (F w ), theoretical specific hydraulic conductivity (K theo ), vessel density (N, vessel number per unit area), hydraulic weighted vessel diameter (Dh), vessel lumen area (A), and diameter (D), while leaf traits include leaf area (LA), leaf dry mass (LDM), specific leaf area (SLA), stomatal density (D stomata ), stomatal size, and maximum stomatal conductance (gs max ). Parentheses represent the 95% confidence interval (CI) computed by bootstrapping (500 runs with 1000 randomly sampled data points with replacement). The correlation coefficient (R 2 ) and the significance (p-value) of the models are also provided (with p-value < 0.01: ** and p-value < 0.001: ***). 
Traits % Variance of Traits (95% CI) Model
Trait Associations
A significant pairwise relationship was found among leaf traits (Figure 3 ). Stomatal density was negatively related to stomatal size (R = −0.55, p < 0.05), SLA (R = −0.61, p < 0.05), and LA (R = −0.72, p < 0.01). As far as wood traits are concerned ( Figure S2 ), theoretical specific hydraulic conductivity showed a significant positive relationship with vessel fraction (R = 0.71, p < 0.001) and conduit tapering (R = 0.63, p < 0.01), and vessel density showed a significant negative relationship with hydraulic conduit diameter (R = −0.41, p < 0.01). None of theoretical specific hydraulic conductivity (R = −0.22, p > 0.05) or vessel density (R = −0.31, p > 0.05) was related to fiber wall thickness, suggesting that wood hydraulic properties are independent from fiber structure.
We found coordination between wood and leaf traits, suggesting a synchronized construction cost of wood (twig) and leaf ( Figure S3 ). This coordination was mainly expressed by the positive correlation between theoretical specific hydraulic conductivity and specific leaf area (R = 0.65, p < 0.01). We found coordination between wood and leaf traits, suggesting a synchronized construction cost of wood (twig) and leaf ( Figure S3 ). This coordination was mainly expressed by the positive correlation between theoretical specific hydraulic conductivity and specific leaf area (R = 0.65, p < 0.01).
The Effect of Sample Location Height on Trait Associations
The sample location height showed a significant effect on plant traits and this effect was more pronounced for leaf traits (Figure 4 ). For all studied trees, maximum stomata conductance (R = 0.75, p < 0.01) and stomatal density (R = 0.56, p < 0.05) increased significantly with increasing height within the crown while specific leaf area (R = −0.48, p < 0.05) decreased. Theoretical specific hydraulic conductivity showed a significant negative relationship with sample location height (R = −0.55, p < 0.05). 
The sample location height showed a significant effect on plant traits and this effect was more pronounced for leaf traits (Figure 4 ). For all studied trees, maximum stomata conductance (R = 0.75, p < 0.01) and stomatal density (R = 0.56, p < 0.05) increased significantly with increasing height within the crown while specific leaf area (R = −0.48, p < 0.05) decreased. Theoretical specific hydraulic conductivity showed a significant negative relationship with sample location height (R = −0.55, p < 0.05).
The sample location height showed a significant effect on trait relationships (Table 4 ). For leaf traits, the negative relationship between stomatal density and specific leaf area, and the negative relationship between maximum stomatal conductance and specific leaf area decreased with increasing height within the crown. These relationships became positive at the upper part of the crown. Also, the negative relationship between stomatal size and stomatal density was not significant at the lower crown position. But this relationship increased upward and became significant at high (p < 0.001) and very high (p < 0.01) height within the crown. For wood traits, the positive relationship between vessel fraction and theoretical specific hydraulic conductivity was not significant at the lower crown position but became significant upward. Also, theoretical specific hydraulic conductivity was positively related to conduit tapering (T) at the lower crown position but this relationship became positive upward. Another relationship affected by the position within the crown was that between vessel hydraulic diameter and vessel density. This relationship was significantly negative at the lower crown position and became positive but not significant upward.
The same pattern was observed for the relationship between wood and leaf traits, especially the one between theoretical specific hydraulic conductivity and specific leaf area. This latter relationship was negative and not significant at the lower crown position but became positive and significant upward. The sample location height showed a significant effect on trait relationships (Table 4 ). For leaf traits, the negative relationship between stomatal density and specific leaf area, and the negative relationship between maximum stomatal conductance and specific leaf area decreased with increasing height within the crown. These relationships became positive at the upper part of the crown. Also, the negative relationship between stomatal size and stomatal density was not significant at the lower crown position. But this relationship increased upward and became significant at high (p < 0.001) and very high (p < 0.01) height within the crown. For wood traits, the positive relationship between vessel fraction and theoretical specific hydraulic conductivity was not significant at the lower crown position but became significant upward. Also, theoretical specific hydraulic conductivity was positively related to conduit tapering (T) at the lower crown position but this relationship became positive upward. Another relationship affected by the position within the crown Table 4 . Simple slope of multiplicative linear models for a range of sample location heights (Hs). Coefficient of determination (R 2 ), F-value (F), and significance (p-value) of the relationship (with p-value > 0.05: ns; p-value < 0.05: *; p-value < 0.01: ** and p-value < 0.001: ***) are provided. Leaf traits include stomatal density (D stomata ), specific leaf area (SLA), maximum stomatal conductance (gs max ), stomatal size (S), leaf area (LA), and leaf dry mass (LDM) while wood traits include theoretical specific hydraulic conductivity (K theo ), conduit tapering (T), vessel fraction (VF), fiber wall thickness (F w ), hydraulic weighted vessel diameter (Dh), vessel density (VD), total vessel number (TVN), and cross-sectional area of sapwood (A s ). 
ModelX
Discussion
Trait Variation and Plasticity within the Crown
We found a substantial variation of leaf and wood traits that was due to differences between (inter) and within (intra) individual trees of P. elata. These variations showed to be tissue and trait specific. The inter-individual variation was more important for leaf traits (23%-48%) than for wood traits (<10%) where the intra-individual variation showed to be important (33%-39%). For leaf traits, the intra-individual variation showed to be negligible (<15%) for some traits (leaf area, stomatal size, and leaf dry mass) unlike for others (specific leaf area, stomatal density, and maximum stomata density) where both inter-and intra-individual variation showed to be substantial. The substantial inter-individual variation of leaf traits might be related to environmental conditions (light, soil nutrient or soil water content, air temperature, and relative humidity) as predicted by previous studies [46, 47] . However, our study was conducted within a limited spatial scale where environmental conditions were assumed to be homogenous. All the studied trees were fully exposed to sunlight and samples were collected on the outer part of the crown. Based on findings from Oumbe A. [29] , the vertical variation of irradiance was not high enough along a reduced range (15 m to 44 m) corresponding to the range of the sample location height in this study. This suggests that the higher inter-individual trait variation we found would be due to genetic differentiation, soil water nutrient, or soil water content. However, it was beyond the scope of this study to test this hypothesis due to the limited sample size. The intra-individual trait variation highlighted here was expressed by the location height gradient within the crown. The prevalent reason for this trait variation along a height gradient within the crown could, therefore, be related to differences in water supply due to a non-optimal tapering of xylem conduit [23] . We found evidence for this assumption as a negative relationship between theoretical specific hydraulic conductivity, and sample location height within the crown was highlighted in this study. It was previously reported that a decrease in theoretical specific hydraulic conductivity is most closely related to a decrease in water availability because the turgor pressure as the driving force of cell expansion is largely affected by water availability [48, 49] . Based on these findings, we could presumably conclude that the negative relationship between theoretical specific hydraulic conductivity and sample location height within the crown would be due to a reduced water availability and water supply potential occurring upward.
Leaf area and specific leaf area were negatively correlated with sample location height, suggesting that leaves became smaller upward. Also, stomatal density was positively correlated with sample location height, suggesting that stomatal number per unit leaf area increased upward. We suggest that these trends were due to the reduced water supply ability occurring upward. Similar trends have previously been reported across a gradient of water availability [50, 51] , indicating an adaptation to drought [52] . Further, we found a positive relationship between maximum stomatal conductance and sample location height, suggesting more potential water loss upward due to transpiration. This result was not consistent with previous findings as stomatal conductance has been reported to decrease with increasing tree total height and water deficit [53] [54] [55] [56] . The reason for this counterintuitive result may be the effect of the sapwood area-to-leaf area ratio (A S :A L ) as an increase in A S :A L has been suggested as a common structural adjustment compensating partially for the greater resistance to water flow in taller trees [57] . In this study, we found no significant variation of the cross-sectional area of sapwood (A S ) along the height gradient within the crown but a decreasing theoretical specific hydraulic conductivity, suggesting that the vessel lumina fraction decreased upward. As leaf area also decreased upward, we could presumably relate the negative relationship between maximum stomatal conductance and sample location height to the decrease in leaf number per unit sapwood area upward. This will be an adjustment maintaining the water supply per unit leaf area and allowing trees to continue growing taller despite the water stress occurring upward. This result shows how the trait-based approach can help to unravel the drought response of tropical tree species. However, up to now little is known about the water-use strategy of most tropical species, including P. elata. More research is needed, especially on how foliar phenology responds to rainfall as tree water-use pattern has shown to be influenced by foliar phenology [58] .
Trait Associations and the Effect of Sample Location Height
As for cross-species analysis, we found a negative relationship between vessel size and vessel density [59] . However, this relationship showed to change with the position within the crown. At lower canopy, a significant negative relationship between hydraulic conduit diameter and vessel density occurred, indicating that wood contains a small number of large vessels. At the top of the canopy, this relationship became fairly positive (Table 4 ). This change would be an adjustment to avoid twigs at the tree top dying because of xylem cavitation. As vessel size showed to only marginally decrease with Hs and the potential water deficit occurring at the tree top could increase the risk of embolism, twigs at the tree top produce many vessels to ensure that the drop-out of single vessels through embolism does not endanger the entire conductive system [60] . Another well documented tradeoff is that between hydraulic efficiency and mechanical strength. Woods with high hydraulic efficiency are supposed to have low mechanical strength [61, 62] . However, we did not find evidence to support this tradeoff within the crown of P. elata. Theoretical specific hydraulic conductance increased significantly with vessel lumen fraction but decreased only fairly with fiber wall thickness, suggesting that high hydraulic conductivity may occur in twigs without significantly affecting their mechanical strength. This result corroborates the findings that for broad-leaved species, fiber wall thickness is rather related to wood density than wood hydraulic conductance [63] .
For leaf traits, previous studies have reported that stomatal size is negatively related with stomatal density across plant species [64] . Within a given species, stomatal size and stomatal density are often not related. In our study, we found a significant negative relationship between stomatal size and stomatal density within P. elata, as has been reported by [41, 64, 65] , and this relationship became stronger upward in the canopy, suggesting that leaves at the tree top have many smaller stomata per unit leaf area. This result suggests that leaves at the tree top have higher operating stomatal conductance under standard conditions, a higher maximum rate of stomatal opening in response to light, and a faster stomatal response [66] . These conditions have been associated with an enhanced water balance in dynamic light environments and a higher assimilation rate [67] . This means that trees of P. elata increase their stomatal density and decrease their stomatal size to be more flexible, especially at the top of the crown where the environment is more extreme and variable. No fiber-related traits showed significant relationships with leaf traits, suggesting that leaf-wood trade-off is more importantly functional than mechanical [68] . Elsewhere, larger leaves are expected to require high hydraulic conductance because they are assumed to be more evaporative than thicker leaves. We found evidence to support this assumption as we found a significant positive relationship between the specific leaf area and the theoretical hydraulic conductance. However, this relationship became stronger upward in the canopy. This result suggests that P. elata constantly adapts its water use with respect to its water-supply ability, more importantly at the top of the crown where the environment is more extreme and variable.
Conclusions
This study aimed at assessing traits variation at lower levels than inter-species to demonstrate the amount of trait variation that can be found within and between the crowns of a tropical tree species. We found that leaf traits varied more between canopies than between sample locations within the same tree crown, whereas wood traits were strongly dependent on location height within the crown and less variable between individuals. Studied traits covary with each other and these relationships interact with the location height within the crown. These findings stress the importance of accounting for the intra-individual traits variation to improve our understanding of plants' functional responses.
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